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SUMMARY

Boiling-burnoutheat-transferratesweremeasuredwithwaterl?low-
verticallyupwardin electricallyheatedtubes.Flowstabilttyin
~~ental testsecti~durtigburnoutwasaffectedby thesmount

ofpressuredropacressa throttlingvalvelocatedupstream.As there-
strictionpressuredropacrossthevalvewasincreased,themagnitudeof
theflowfluctuationsin thetestsectiondecreasedandtheburnoutheat
fluxincreaseduntilthepressuredropexceededa criticalvalue.For

~ furtherincreasesinpressuredrop,theflowwassteadyaadtieburnout

3 fluxwasindependentof thepressuredropacrossthethrottlingvalve.
Theminimumrestrictionvaluesrequiredto stibilizetheflowvaried

. nearlylinearlyfrcm5 to 100poundspersqme inch-withan increase
invelocityfran0.5to40 feetpersecondj thesevalueswereindependent
ofthepressure‘dropacrossthetestsection.

d
A compressiblevolumeintroducedintheflowsystembetweenthe

throttlingvalveandthetestsectionresultedinunsteadyflowduring
burnout. Thelargerthevolume,thegreaterweretheflowfluctuations
ad thelowerweretheattendantburnoutheat-transferrates.

Burnoutheat-transferratesweremeasuredinthestable-flowregion
fora rangeofvelocityfrom0.1to 98feetpersecond,pressureranging
fromatmosphericto 100poundspersquareinch,inletsubcoolingfrom0°
to 140°F, tubeMsmetersfrom0.051to 0.188inch}andlength-to-
tismeterratiosfrom25to 250. Theresultingburnoutheatfluxes
rangedfrom0.9to13.2X106Btuperhourpersquarefoot. Netsteam
wasgeneratedforallstable-flowconditions) andtworegimesofburn-
outwereobtained.Inthelow-velocityhigh-exit-qualityregion,the
datawerecorrelatedby therelation(Q/S)Do”2 (L/D)0”85= 270GO.85
for G/(L/D)2<150,andin thehigh-velocitylow-exit-qua~tyregion
by (Q/s)D0=2(L/D)0015s 1400GO*5for G/(L/D)2>150,where Q/S
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istheheatflux,D istheinsidetubediametir,L/D isthelength-
to-diameterratio,and G isthemass-fluw.rate.At thetransitional
valueof G/(L/D)2of1.50,theexitqualityvariedfrom40 to60
percent.

INTRODUCTION .

Thehighheat-transferratesobtainablewiththeforced-convection
nucleateboilingprocessareattractiveforusein coolingcomponentsof
rocketmotorsandnuclearreactors.Formostapplications,a knowledge
ofthemaximumheat-transferrate,orboilingburnout,isrequired.Many
studiesofboilingkmrnouthavebeenmadewitha varietyofcoolantsand
coolant-flowsystems.Empiricalcorrelations,whilesuccessfullycor-
relatingresultsfrcma singlestudy,”hav”enotmetwithmuchsuccess
whenusedtocompareresultsofotherinvestigations.Thisvariation
hasresultedinmuchuncertaintyinpredictingtimum heat-transfer
ratesandisduelargelytotheeffectsofflow-systemcharacteristics
onflowinstabilityandboilingburnout.

Relationsbetweenflowinstabilityandboilingburnoutarepre-
sentedinreference1. Reference2 showsthat,ina flowsystemusinga
centrifugalymnpjflowstabilityandburnoutwereaffectedby thepump
characteristics.Inreference3,a pressure-volumecoolantsupplywas
used. Itwasfound(ref.3)thatflowinstabilityandburnoutoccurred
at lowheatfluxeswhentheflowratewascontrolledby a restriction
locateddownstreamoftheexperimentaltestsection,andthata tenfold
increaseinburnoutheatfluxwasobtainedby greatlyrestrictingthe
flowupstresmofthetestsectionanddischargingtheflowframthetest
sectioneitherintoa compressible-volumetankortotheatmosphere.

Theseresultsindicatethattheflow-systemcharacteristicshavea
large-ordereffectonflowstabilityandtheattendantburnoutheat
fluxes.Hence,thefactorsaffectingflowstabilityneedtobe defined
in orderto compaketheburnoutresultsobtainedbyvariousinvestigators
usinga varietyofflowsystems.

Thepurposeofthepresentstudyistoinvestigatetheeffectsof
flow-systemcharacteristicsonflowstabilimandburnout.An open
cycleoronce-throughflowsysta similarto thatusedinreference3
waschosen,andtheflowwasrestrictedupstreamofthetestsectionand
dischargedintoa compressiblevolumeat theexitofthetestsection.
Withthissystem,flowstabilityandburnoutcanbe definedby deter-
miningthepressuredropacrosstheflowrestrictioninadditiontousual
burnoutVariablestsuchas flowrate,pressure,temperature}andtube
geometry.
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Theeffectsofflowrestrictionandcompressiblevolumeonflow

3

stabilityaresurveyedwithwaterflowingintubes.b thestable-flow
region,burnoutis
flow-ratevalues.
form.
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Theresultsarepresentedingraphicalandtabular

SYMOou

symbolsareusedin thispaper:

dismeterjft

voltagedropacrosstestsection,v

mass-flowrate,lb/(hr](sqft)

enthalpyOf saturatedliquid,Btu/lb

latentheatofvaporizationforpressureat exitoftestsec-
tion,Btu/lb

enthalpyat test-sectioninlet,Btu/lb

currentflowthroughtestsection,amp

conversionfactor,wattstoBtu/hr

lengthoftestsectionbetweeninnerfacesofelectricalbus
clamps,ft

kngth-diamter

pressure,lb/sq

ratio,dimensionless

in.

totalheatinputtotestsection,Btu/ti

heatflux,Btu/(hr)(sqft)

insidesurfaceareaoftube,sqft

temperature,%

flowrate,lb/hr

exitqualityof steam
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APPARMKH

ArrangementofApparatus

Preliminary.- Schematicdiagramsofthearrangementsoftheappa-
ratusareshowninfigure1. Theoriginalarrangementshowninfigure
l(a)is similartoarrangementB usedinreference3. Thedistilled-
watersupplysystemincludedtwo10-gallonstorageanddegassingtanks
andtwo5-gallonaccumulators.Degassedtiterwascontainedin the
neoprenebladdersintheaccmnu.lators.Nitrogen,suppliedto theout-
sideoftheaccumulatorbladdersthrougha pressure-regulatingvalve,
wasusedtoforcethewaterfromtheaccumiiLatorsthroughtheflow-
controlvalve}flowmeters,preheater,andtestsectionintothedis-
chargetank.

Powerwassuppliedtothe~reheaterfrcma 10-volt,1000-ampere,
alternating-currentsup@y. The preheaterconsistedofa 3-footlength
of3/8-inch-diameterstainless-steeltubing.

Electricpowerwassuppldedtothetestsectionfroma 208-volt,
60-cyclesupplylinethroughanautotransformermd a 16:1-ratiopower
transformer.Themaximumpoweravailableat thetestsectionwas25
voltsat 2500~eres. 1

Theflow-systempipingupstreamof thetestsectionconsistedof
3/8-inch-diameterstainless-steeltubingwithl/16-inch-thickwalls.
A I-inch-dtemeterhosewasusedtoconnecttheexitendofthetestsec-
tiontothedischargetankin ordertominimizeflowrestrictionsdown-
streamofthepointofburnout.

Final. - Thefinalarrangementoftheapparatusesshowninfigure
l(b). Theaccumulatorswereconnectedin seriesinsteadofparallelin
ordertoeliminatethediffusionofnitrogenintothewaterflowing
throughthetestsection.Thetestsectionandpreheaterwerecombined
intoa singletube.Thethrottlingandflow-controlvalveswererelo-
catedjustupstrbsmofthetestsectionandpreheater;twovalveswere
usedtoprotidebothcoarseandverniercontroloftheflowrate.

ExperimentalTestSection
\

Diagramsofthetestsectionareshowninfigure2. A typicalsec-
tion,showninfigure2(8),wasmadefromtype-347stainless-steeltub-
ing. Inallthetestsectionsexceptthe0.188-inch-diametertubes,a
stainless-steelbushingwassilver-solderedtoeachendofthesection,
andtheqacollar(3/8-in.diam.,5/8-in.long)wasplacedoverthe
bushingandwassilver-solderedtothebushing.Theheatedlengthwas
thedistancebetweentheinnerfacesofthecollars.Theunheated
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lengthat eachendofthetestsectionwas3/16inch,cmparedwiththed 7/8-inchlengthusedinreference3. Thetest-sectiondimensionswere
agfollows:

Insidf
diem-
eter,
h.

0.051-
.051
.076
.096
.123
.156
.188

Eeatedlength- Unheatedwan
Mameterratio length-thick-

diameterness,
ratio h.

50,100,150,260,2507.3
250 7*3

50,100,150,200,2504.9
5O,1OO,15O,2CXI,250 3.9

?5,50,100,150,200,2503.0
:5,50,100,150,200;250 2.4
?5,50,100,150,200,250 2.0

~ooQ33
.074
.040
.057
●065
.048
.0935

wall I
thickness-
inside
diameter
ratio

0.65
1.45
.53
.59
.53
.31
.50

Thetestsectionswerepolishedanddecreasedpriortoinstallation
inthesystem.Eachnewlyinstalledsectionwasdegreasedby preheating
toabout700°F for5 to10minutesbeforethetubewasfilledwith
water.

w

Forthemajorityoftherunsconducted,theheatedlengthof the
testsectionwasvariedby usingthe250L/D(length-dismeter)sections
andclampingtheinletelectric-power-supplycableat thedesiredloca-
tionalongthetubelength,as showninfigure2(b). Thetestsection
wasconnectedto theflowsystembymeansof3/8-inchErmettofittings.

Inpreheatedruns,thepreheaterpower-supplycableswereconnected
acrossthelengthofthetubethatwasnotbeingheatedby themain
powersupply.

Instrumentation

Flowrate.- Rotameterswithoverlappingrangesfran1 to500pounds
perhourwereusedtometertheflowrateforthemajorityoftheruns.
A recordingturbine-typeflowmeterwitha rangeof50 to400youndsper
hourwasavailableneartheconclusionof theinvestigationforconduci-
ng runsinwhichthepressuredropacrosstheflow-controlvalveand
testsectionexceeded3~ poundspersquareinch. Themeasuringaccuracy
oftheflowmetersisA2 percent.Themeterswerecalibratedaftereach
seriesofruns,anddailycheckswereconducted.
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Pressure.- PressureupstreamM thethrottlingandflow-control
valveandin thedischargetankwasmeasuredtowithina &2 percent P
accuracywithBourdongages.A Stathempressurepickupwasusedto re-
cordthepressureat theinletofthetestsectiondurhgtheprel~nary
testsconductedwiththeapparatusarrangedasshowninfigurel(a).

Temperature.- Watertemperaturesat thetest-sectioninletamdexit
weremeasuredwithiron-constantanthermocouplesenclosedin l/l6-inch-
diametertubinglocatedintheErmettofittings,as showninfigure2(b).
Mixingbaffleswerenotused,in ordertoavoidflowrestrictionsand
theireffectsonflowstability.Theinletwatertemperaturewasatam-
bientconditionsforallthetests,sothatmixingbaffleswerenotre-
quired.Bafflesat theexitareneededtomeasurethebulktemperature
whensubcooledburnoutis encountered;but,fortherangeofvariables
investigatedinthepresaxtreport,netsteamwasgeneratedforallthe
runsexcepth a fewcaseswhereunsteadyflowwasencountered,sadthe
hta werenotrecordedforthesecases.Thetemperaturesweremeasured
withinhl/2°F.

Theoutsidewalltemperatureoftheteetsectionnearthepointof
burnoutwasmeasuredwitha bare,butt-welded,iron-constsmtsmthermo-
coupleloopedaroundthetestsection1/4inchWstreamfrcmtheexit
collarofthetestsection(seefig.2(b})md heldin tensionagdnst
thewallwitha spring.Thetemperaturewasrecordedona strip-chart
recorder.

Smnepreliminaryrunsweremadewiththermocouplesspot-weldedto
thetestsectionat frequentintervalsto determinewall-temperature
distributionnearthepointofburnout.At burnoutconditionsthewall
temperaturesoverthelast8 to 10tubediametersin lengthofthetest
sectionfluctuatedfromQOO to 25°F tiththegreatestfluctuationsoc-
curring2 to4 tubediametersfrantheexit.Accordingly,a distanceof
1/4tichfrcmtheexitofthetestsectionwasusedtodetectthefirst
signsofthechangein theboilingmechanismfrm nucleatetotransi-
tionalorfilmboiling.

&am

L

w-

.—

Powerinput.- Electric-powerinputtothetestsectionandpre-
heaterwasrecordedonvoltmeterandsmmieterrecorders.Therecorders
werecalibratedandthemeasuringaccuracywaswithin@ percent.

EXPERIMENTALTESTPROCEDURE

Thewaterinthestoragetankswasdegassedby loweringthepres-
suretothevalueforsaturationconditionsatroantemperatureand
allowingthewatertoboilfor15to 20minutes.Theaccumulatorswere

d
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d thenchargedwiththedegassedwater,andthenitrogenpressurewasregu-
latedata valueofappro~tely 300pouudspersquareinch,whichwas
thepressurelimitforthelargestrotsmeter.

Theflowratewassetat thedesiredvalueby adjustingthethrot-
tlingvalveandthepressureinthedischargetank. me recordinginstru-
mentswereputintooperation,ad electricpowerwassuppliedtothe
testsectionin smallincrementsuntilthewalltemperaturestartedto
increaserapidly.Thepowerwasthenreducedslightly,andburnoutwas
reapproachedmoregradually.Thisoperationwasrepeated,whennecessary,
untiltheseneconditionsatburnoutwereobtainedfortwoconsecutive
trials.me ccmiitionsprevailinginthetubejustpriorto thewalJ-
tanperatureexcursionweretakentobe theburnoutconditions.These
conditionsindicatethechangeinboilingfromthenucleatetothetran-
sitionalorpartial-film-boilingregime.Thisheatfluxis usuallyde-
finedas themaximumor criticalheatflux,ratherthantheburnoutheat
flux.

Fortherunsconductedatmass-flowratesgreaterthan2.5X106
poundsperhourpersquarefootin thetestsectionshavinga 0.051-
imchinsidediameteranda 0.074-inchwallthickness,theoutsidewall
temperatureexceeded700°F, andtheiron-constantanthermocouplecould
notbe usedtodetectburnout.h thiscase,thepowerwasincreased
untila visiblelocalizedhotspotoccurredat theexitof thetube,
whichcorrespondsto theinceptionpo~t offilmboiling.Thediffer-
enceinheatfluxbetweenthetwodefinitionsofburnoutiswithinthe

.

-ii accuracyofthemeasurements.

METHODOFCALCULATION

EeatFlux

Themaximumorburnoutheat-transfer
ratioofthetotalheatinputto thetest
areaofthetestsectionby therelation

ratewasdeterminedfrcmthe
sectionto theinsidesurface

v

Preliminarytestsshowedthat
stantalongthelengthofthetest
theaveragevalueofheatfluxand
outwasassumednegligible.

Q KEI
-=x@

thewalltemperaturewasnearlycon-
fection,sothedMferencebetween
thelocalvalueat thepointofburn-
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Quality

Thequalityat theexitofthetestsectionis definedas theweight
fractionofvaporperpoundofliquid-vapormixture.
basedonthetotalelectricalheatinputtothetest
no heatlosses,by therelation

hl + (@W) - hf
x=

hf,g

!15iSquality is
section,assuming

RESULTSANDDISCUSSION

EffectsofSystemCharacteristicsonFlowStabilityandBurnout

Nitrogendiffusionandarrangmentofapparatus. - Thevariationof
burnoutheatfluxwithmassflowis showninfigure3 forvariousarrange-
mentsoftheapparatus.Theresultsobtainedwiththepreliminary
arrangementareshowninfigure3(a).Therunsweremadewiththedis-
chargetankventedto theatmosphere.A pressureof300poundsper
squareinch,whichwasthemaximumallowablepressurefortherotameters~
wasmaintainedin theaccumulator,andtheflowratewascontrolledby ~
thethrottlingvalvelocatedupstreamoftherotsmeters.

●

Therecordingsofthepressureat theinletofthetestsectionin-
dicatedlargepressurefluctuationsatburnout,althoughno flow-rate
variationswereindicatedby therotmneters.

b,
Checkrunsweremade,and

burnoutheatfluxesdecreasedwithtime.A sightglasswasinstalledat
theexitof thetestsectionat thehighestelevationpointin theflow
systemandwaspartiallyfilledwithwater.Withtheflow-controlvalve
closedanda backpressureof100poundspersquareinchappliedtothe
system,thewaterlevelwasdisplaced10cubiccentimeters;thisindicated
a ccunpressiblevolumein thesystemdownstreamoftheflow-controlvalve.
Nitrogenbubbleswerenoticedoccasionallyintherota.metersandprobably
wereentrappedneartheexitoftherotameters,whichwasthehighest
elevationin theflowsystem.

Theflow-controlorrestrictingvalveswererelocatedasnearthe
inletofthetestsectionaspossibleto elindnatetheeffectofthe
accumulationofnitrogenpockets.Becausetheinletpressurepickup
contributeda smallcompressiblevolumetothesystembetweentherelo-
catedflowrestrictionandtheinletofthetestsection,itwasremoved
fromthesystan,andnofurtherattemptsweremadetomeasurethepressure
dropacrossthetestsection.Thesemodificaticasresultedinan increase
inburnoutfluxofas M@ as 100percent.
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d Itwasobservedduringadditionalcheckrunsthattheburnoutheat
fluxstilldiminishedsomewhatasa functionofrunuingtime.A sudden
increaseinheatfluxwasobtainedwhentheaccumulatorswererecharged
withwater;thisindicatedthatnitrogenwasleakingordiffusingthrough
thebladdersintothewater.

Theaccumulatorswerechangedfrcma parallelflowsystemtoa series
connectionthateliminatedanynitrogenfromdiffustigintotheinter
flowingthroughthetestsection.Theburnoutheatfluxesobtaiaedwith
thisfinalarrangementwereincreasedan“additional25~ercent.There-
sultswerereproducible,andflowst&biM@ was-lied frmuthesteady
wall-temperaturerecording-Uately priortotheburnouttransient.

Infigure3(b),theburnoutheatYluxesobtainedtiththeftial
arrangementoftheapparatusarecomparedwithresultsobtainedinref-
erence3 witha flowsystemthatwasshilartotheprel~naryarrange-
mentofthepresentinvestigation.Thepresentresultsare25to 85per-
centhigherthanthoseofreference3;thisindicatesthatthedataof
reference3 wereprobablyinfluencedby nitrogencliffusionandcanpres-
siblevolumessimilartothoseobtainedinthepresentinvestigationwith

y theoriginalarrangementoftheapparatus.
j

Compressiblevolume.- Theeffectsofa compressiblevolume,lccated
. betweentheflowrestrictionandtheinletofthetestsection,onburn-

outheatfluxandflowstibilltywerebrieflysurveyed.Theresultsare
listedintableI andareshowngraphicallyinfigure4. A sightglass

d wasconnectedtotheflowsystemat thetest-sectioninletas thevolme
source~ Withno heatadditioninthetestsection,theflowratewas
setat thedesiredrate.As thewaterlevelin thesightglassrose,
theentrappedairwascompressedtoa pressureequivalenttothepres-
suredropacrossthetestsection.Thiscompressiblevolumewasadjusted
to thedesiredvalueby ventingtheairtotheatmosphere.

Withheataddition,thepressuredropacrossthetestsectionin-
creased,andthecompressiblevolumedecreasedaccordingly.Whenboiling
occurredinthetestsecticm,theliquidlevelin thesightgbss fluctu-
ated;thisindicatedlargeflowfluctuationsin thetestsection.For
mss-flowrateslessthan0.6Xl.06poundperhourpersquarefoot,the
I.iqyidlevelcycledslowlyoverthelengthof thesightglassasburnout
wasapproached.Theburnoutfluxvariedovera widersngeduxingthe
cycle,andthevaluesplottedinfigure4 weremeasuredwhilethewater
levelinthesightgkss wasundergoingthe

At higherflowrates,theburnoutflux
ad themagnitudeofthelevelfluctuations
Thefrequencyofthecyclechangedfrcmone.
toseveralcyclesperminute.

i

leastchangeinthecycle.

wasmoreeasilymeasured,
wasreducedby severalorders.
cycleevery2 to3 minutes
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Ingeneral,theresults”infigure4 indicatethattheburnoutflux
isreducedas thesizeofthecompressiblevolumeisincreasedandthat *

a reductionofasmuchas 80percentis ok.tainedfora nminalvalueof
compressiblevolumeof106cubiccentimeters.

Thecompressiblevolumeinstalledh thesystemalsoapproachesthe
caseforflowinparallelchannelsconnectedtocomncmheadersandindi-
catesthatthebmnoutheatfluxandflow,stabilitywouldbe greatly
affectedinparallelchannelsoperatingwithouta flowrestrictionin
eachc@nnel.

“~
Flowrestriction.- Theeffect0$vaijchgtheyressuredropacross

theflowrestrictiononburnoutheatflux&mdflowstabilitywasinvesti-
gated.Theftil arrangementoftheapparatusshowuinfigurel(b)was
used. Thepreheaterpowersupplywasnotused,andthecablesfromthe
test-sectionpowersupplywerecomectedtotheinletandtheexitof
thetestsection.Theflow-restriction,orflow-rate-control,valves
werelocatedat theentrsacetothetestsection.Separatetestsections
werefabricatedforeachlength-to-diameterratioinvestigated,sothat
theheatedlengthofthetestsectioncorrespondedtothehydrodynamic
length.Theseburnoutresultsarellstedin table11andareshown .
graphicallyinfigure5.

Infigure5(a),theburnoutheatfluxisplottedagainstthepres-
surein thesystemupstreemoftherestrictionforvarioustest-section m

lengthsanda ccmsteatflowrateof1.78X106poundsperhourpersqmre
foot. me pressureat theexitofthetestsectionwasatmospheric,so
thegagepressureupstreemoftherestrictionis equivalenttothepres-

%

suredropacrosstherestrictionandthetestsection.

Therunswereconductedby settinga pressureupstreamofthere-
strictionof800poundspersquareinchandthenadjustingtheflow-
restrictionvalvetogivethedesiredflowrate.As theburnoutheat
fluxwasapproached,thepressuredropacrossthetestsectionincreased,
andtheflowvalvewasopenedsufficientlytokeeptheflowrateconstant.
Theprocedurewasrepeatedforlowerpressuresupstreemoftherestrictim.

Forthe50L/Dtestsection,theburnoutheatfluxwasindependent
ofthepressuredropacrosstherestrictionandthetestsecticmfrom800
downtoapproximately105poundspersquareinch. Inthispressure-drop
region,sincetheflowrateandtheheatfluxwereconstant,thepressure
dropacrossthetestsectionwasconstant,andthereductioninpressure
dropcorrespondstothereductioninpressuredropacrosstherestriction.

the
For

Whenthepressuredropwasreducedbelow105poundsyersquareinch,
resultingburnoutheatfluxwasreduced,andtheflowbecameunstable.
thelowestpressures,theflowratefluctuatedsomuchthatthe .

●
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burnoutheatfluxwasdifficulttodefine.b thislow-pressure-drop4
region,theheatfluxdecreased,sothereductioninpressuredroycor-
respondstoa reductioninpressuredropacrossthetestsectionas well
as therestriction.

Thelhit betweenstable-=d unst-able-flowlmrnoutisindicated
by thebroken13nefairedthroughthehee ofeachcurve(fig.5(a)).
Thelinerepresentsthemfn+mumpressuredropsacrosstherestriction
andtestsectionrequiredforstable-flcxrburnout;thesevaluesare
listedinthefollowingtable,togetherwithotherpertinentconditions:

Length-
tiametel
ratio

50
100
150
200
250

Pressure
dropacross
restriction
andtest
section,
lb/sqin.

105
172
217
250
260

Pressure
dropacross
restriction
lb/sqin.

33
26
31
28
31

PressureBurnout Exit
drop heatflux, quality
across Btu
test (hr)(Sqft)
section}
lb/sqin.

72 3.1X106 0.21
146 2.5 .43
186 2.0 .53
222 1.6 .59
229 1.3 .62

me partofthepressuredropdueto theflowrestrictioncouldnot
measureddirectly,sincethepressuremeasuringsysteminstalledat

i. theinletofthetestsectionintroduceda slightcompressiblevolume
andresultedinflowinstabilityat lowerheatfluxes.

Theminimumpressuredropacrosstherestrictionrequiredto obtain
flowstibilitywasdeterminedlya series”ofrunsinwhichtheburnout
conditionsat thekneeofeachcurve(fig.5(a))werereproducedto de-
terminethepositionsoftheflow-restrictionvalve.Aftereachvalve
settingwasdetemined,theflowsystemwasdisconnectedat theexitof
thevalve,andthepressureupstreamofthevalvewasmeasuredwiththe
flowdischargingto theatmosphere.Withnopressurerecoveryassumed
intheexitofthevalve,thepressuredropacrossthevalveisequiva-
lenttothemeasuredupstresmpressure.A valueofapproximately30
poundspersquareinchwasobtainedforeachofthevarious-lengthtubes.

Thepressuredropacrossthetestsectioncanbe acquiredbysub-
tractingtherestrictionpressurefrm thevaluesoftheminimumpressure
dropacrosstherestriction,andalsofrcmthetestrequiredforstable
flow. Thetest-sectionpressuredropvariedfran72poundspersquare
inchforthe50L/Dtube to 229forthe250L/Dtube. Theindependence
oftherestrictionpressuredropfora 3-to-lvariationinthetest-.
sectionpressuredropisunexplainable,inasmuchas%othpressuredrops
occurupstresmofthepointofburnout.

<
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Similarflow-stabilitytests,inwhichtheflowratewasvaried
overa widerange,weremadewitha 50L/Dtestsection.Theresults
areshowninfigue 5(b).Burnoutconditionsat theflow-stability
limit,indicatedbythedashedline,arelistedinthefollowingtable:

Flowrate,

(hr);clft)

O.13X1O6
.51
1.78
3.50
5.85
8.75

Pressure Pressure Pressure
dropacrossdropacrossdrop
restrictionrestriction,acress
andtest H3/sq,in. test
section, section,
lb~sqin. lb/sqin.

12 5 7“
60 22 38
108 33 75
125 57 68
137 85 52
137 100 37

The valuesofthepressuredropsacrossthe

Burnout
heatflux,

Btu
(m)(Sqft)

O.5X1O6
1.5
3.1
4.1
5.3
5.8

0.56
.47
.21
●10
.05
0

restrictionandthe

r.

w

testsectionareplottedinfigure6 asa functionofflowrate. The
pressuredropacr&s therestrictionincreasednearlylinearlyfrcm5
poundspersquareinchat 0.13X106poundsperhourpersquarefootto
100poundspersquareinchat a flowrateof8.75X106poundsperhour
persquarefoot(0.5to40ft/see).

x
Therestrictionpressuredropfor

a flowrateof0.51x106poundsperhourpersquarefootwasignoredin
fairingthecurve.Thetest-sectionpressuredropincreasedrapidly

—

at firstwithflowrateandthendecreasedat thehigherflowratesbe-
causeofthereductionin exitquality,withthemaximumvalueoccurring
ata flowratelessthanapproximatelylX106poundsperhourpersquare
fret. Thedataareinsufficienttodeterminetheflowrateatwhichthe
maximumtest-sectionpressuredropoccurred. -.

Effe’ctsofTubeGeometryandFlowConditionson

BuxnoutinStable-FlowRegicm

Typical high-qualityburnoutconditions.- Thewall-temperature
variationalongthelengthofthetubefora typicalburnouttithhigh
exitqualityis shownInfigure7. Theouterwll temperaturereached
a maximumvalueapproximatelyone-fourththedistancefrcmtheinlet.
At theexitofthetube,thewalltemperaturefluctuatedabout20°F
justpriortoburnout.

Forconstantheat
distributionalongthe

adtitionalongthetube,thequalityandpressure
lengthwerecalculatedlyiteration;theresulting .

a
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valuesareshowninfigure7. The watertemperatureincreaseslinearly
● inthefirstquarterofthetubeuntilthesaturationvalueis obtained.

Inthermaininglength}thesaturationtemperaturedecreaseswiththe
decreaseinpressurealongthelength.Theestimatedinner-walltemper-
aturedecreaseswiththedecreasein saturationtemperature;hence}the
differencebetweenthewalltemperatureamdthesaturationtemperature
isnearlyconstantfortheremainingthree-fourthslengthofthetube.

TLibediameterandlength.- Burnoutconditionsinthestable-flow
regionweredeterminedfora rangeoftubediametersfrom0.051to 0.188
inchesandlength-to-diameterratiosfrcan25to 250. Eachgecmetrywas
investigatedovera flow-roterangefranapproximately0.1to 2.5X106
poundsperhourpersquarefoot,ortoa nudmumvaluecorrespondingto
themaximumvoltageavailablefromtheelectric-lowersupply.Theflow-
raterangewasextendedto 25XlC#poundsperhourpersquarefootfora
tubediameterof0.051inchandlength-to-diameterratiosof50and250
by usingthick-walledtestsectiom. Theresultsarelistedin tableIII.

Representativevariationsofburnoutheatfluxwithflowrateand
length-to+jiameterratioareshowninfigure8 fora tubetiameterof
0.051inch. Ihthelow-flow-raterange,theburnoutfluxvariesdirectly
as theflowratetothe0.85power-d inverselyas thelength-to-
dismeter-tio tothe0.85power.In thehigh-flow-rateregion,the
heatfltivariesdirectlyas theflowratetothe0.5powerandin-

W verselyas thelength-to-diameterratiotothe0.6power.

A maximumvalueofheatfluxof 13.2x106Btuperhourpersquarei
footwasobtainedtiththe50L/Dtubeata massflowof 25x106pounds
perhourpersqqarefoot. Thiscorrespondstoan inletvelocityof
about98feetpersecond.

A comparisonofthedatafrm tableIIIforconstantvaluesof
length-to-diameterratioandmassflowindicatesthattheburnoutheat
fluxvariesinverselyas thetubediameterto the0.2powerin thekw-
velocityregionandapproximatelytothe0.5powerat thehigher
velocities.

Theeffectoftubegecmetryonburnoutis showninfigure9. All
thedatafrcmtableIIIforthevarioustubegemetriesareccmparedin
,figure9(a),wheretheparsmeter(Q/S)(D)0”2(L/D)0”85isplotted
againsttheflowrate G fortheBtu-pound-foot-hoursystemofunits.
Thedatacorrespondingtoburnoutat highexitqua~tiesarewellrepre-
sentedby thesolidlinewitha slopeof 0.85.Forlowerqualityburn-
out,thedatabreakawayfrmnthesolidlineatflowratesofapproxi-
mately0.09j0.4,1.5,and5X106poundsperhourpersqwrefootforthe
25,50,100,and250L/Dtubes,respectively.Theslopeofthedashed. linesis 0.5. Thescatterin thedataforthe50L/Dtestsectionis
dueinparttoan increasein theeffectoftubediameteronburnout

i heatflux.
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Infigure9(b)jtheseparationof thelow-qualityburnoutdatawith
thelength-to-diameterratiois eliminatedby dividingtheordinate
parameterby (L/D)107andtheflowrateby (L/D)2.Thecorrelationof
thedataforhighexitqualitiesisnotaffected,sincetheslopeofthe
linein thisregionis 0.85. Thedataarewellrepresentedby the
relation

(Q/s)D0=2(L/D)OC85= 2~0G0.85 (1)

forvaluesof G/(L/D)2lessthan150.

Thedataforthelow-qualityburnoutisrepresentedby therelation

(Q/S)D0”2(L/D}0C15=1400G0.5 (2)

forvaluesof G/(L/D)2greaterthan150.

Thewiderseparationofthedatain thisregion,asmentioned~re-
viously,couldbe reducedsomewhatby raisingthediameterin theordi-
natetermto the0.4or 0.6powerinsteadofthe0.2power.Therange
of conditionsdoesnotoverlapsufficientlyto definefullythediameter
effectinthisregion.

Thedataforvaluesof G/(L/D)2mar 150wereexandnedto seeif
therewasanyparticularreasonfortheparameterbeinga distinguishing
limitonburnoutregions.Theexitqualityvsriedfrcmapproximately40
percentforthe0.188-inch-diametertubesto 60percentforthe0.051-
inch-diametertubes.

Thetubewalltcmperatwresat theexitofthetestsectionvaried
tooinconsistentlytobe ofanyuseindistinguishingbetweenthehigh-
md low-qualityburnoutregions.

Itwasnotedintheflow-restrictiontestsshowninfigure6 that
thepressuredropacrossthetestsectionfora 50L/Dtubeincreased
withan increaseinflowratetoa maximumvaluefora flowrateof
approximatelylX106poundsperhourpersquarefootandthendecreased
witha furtherincreaseinflowrate. Thisvalueofflowrateforwhich
thepressuredropisa maxbumroughlycompareswitha flowrateof
O.6X1O6poundsperhourpersquarefootforthelimitofthetwoburn-
outregl.onsfora 50 L/Dtubeandsuggestsan interrelationbetweentest-
sectionpressuredropandburnoutregimes.

Eetafromreference4 forflowina circulartubewitha diameter
of0.94inchandlength-to-diameterratiosof 8.5to 36andh a rectangu-
larchannelwithan equivalentdiameterof0.168anda length-to-diameter
ratioof 256arecomparedwithequations(1)aud(2)ofthisreportin

e
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figure9(c).Thedataarein goodagre~entwiththepresentresults* andindicatethattheeffectofMsmeteronburnoutin thelow-flow-
rateregionisapplicablefortubediametersup to 1 inch.

Effectofvariationofinlettemperatureandexitpressureon
burnout. - Prelimina~runsweremadeto determinewhetherthelength
~tube usedforpreheatinghadanyeffectonburnoutin thetest
section.Tbetotalheatsuppliedbythepreheaterwasheldconstant
whiletheheatfluxwasincreasedby movingthedownstreamcableclamp
nearertheinletofthettie. Burnoutin thetestsectionwasnot
tifectedby theheatfluxin thepreheaterupto theconditionofburn-
out in thepreheater.

Theeffectofpreheatingontheburnoutfluxis showninfigure10.
Theratioofburnoutfluxat theinletpreheatingtemperaturetothe
burnoutfluxata referencetemperatureof 700F isplottedagatistthe
temperaturedifferencebetweentheinletpreheatingtemperatureandout-
letsaturationtenrperature.Thedatainfigure10aretabulatedin table
IV. As theinletwatertemperatureisincreasedfrcm70°to 212°F} the
burnoutfluxis reducedby asmuchas 20percent.Figure10alsoindi-
catesa considerableincreasein scatterof dataoverthistemperature
rangewithincreasedpreheating.TMs scatterisprimarilyduetothe
difficultyinaccuratelycontrollingthedegreeofpreheatingofthe

* waterandto theintroductionofinstabilityeffectsintothesystem
frcmsteambubblesgeneratedin thepreheater.

: Theeffectofbackpressureontheburnoutfluxis shownin figure
11,wheretheratioW theburnoutfluxat a given-t pressureto the
burnoutfluxatatmosphericpressureisplottedagainstthemass-flow
rate. FortheUnitedbackpressuresused,50sad100poundspersquare
inch,theburnoutfluxincreasedwithincreasingbackpressureoverthe
values
pounds

at atmosphericexitpressureby asmuch
persquareinch.

as 15percentat 100

SUMMARYOFREWJEE5

Boilingburnoutwasinvestigatedforwaterflowingverticallyup-
wardthroughelectricallyheatedtubeswitha flow-restrictingvalve
locatedbeforethetestsection;thiswaterwasthendischargedintoa
compressible-volumetank. Theeffectsofflow-systemcharacteristics
onflowstabilityandburnoutwerebrieflysurveyed.Forstable-flow
conditions,burnoutwasdeterminedfortubediametersrangingfrcm0.051
to0.188inch
0.02to 25Xld

.

i

length-to-diameterratiosof”25to 250;flowratesfrom
poundsperhourpersquarefoot(0.1to 98ft/sec)jinlet
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watertemperaturesof 72°to 212°F,anddischarge
fromO to 100poundspersquareinch. Theresults
follows:

N&2ATN4382

pressuresranging
maybe summarizedas

1.Maximumvaluesofburnoutheatfluxwereobtainedforstable
flowby restrictingtheflowupstreamofthetestsection.Theminimum
pressuredropacrosstherestrictionrequiredto stabilizetheflowin-
creasedfrom5 to 100youndspersquareinchwhentheinletflowvelocity
wasincreasedfrom0.5to40 feetpersecond.

2.A compressiblevolumeintroducedin theflowsystembetweenthe
flowrestrictionsadtheinletofthetestsectionresultedinunsteady
flowduringburnout.Thetlowfluctuationsincreasedandtheburnout
heatfluxdecreasedwithan increasein thecompressiblevolume.

3.Nitrogeninthewaterproducedresultssimilartothoseobtadned
titha ccunpressiblevolumeat thetest-sectioninlet.

4.Forstable-flowconditions,netsteamwasgeneratedatburnout.
Tworegimesofburnoutwereobtained.Inthelow-velocityhigh-exit-
qualityregion,thedatawerecorrelatedbytherelation

(Q/~)D0”2(L/D)O.85= 270G0”85for”G/(L/D)z< 150

andin thehigh-velocitylow-exit-qualityregionby
.

(Q/~)D“”2(L/D)O.15= 1400G0”5for G/(L/D)2> 150

where Q/S istheheatflux,D is theinside tube diameter,L/D is
thelengk-to-diameterratio;and

5.At thelimitingvalueof
variedfrom40 to 60percent.

6.Theburnoutheatfluxwas

G is themass-flowrate.-‘

G/(L/D}2 of150,theexitquality

decreasedbyasmuchas 20percent
foran increaseinwaterinlettemperaturefrom70°to 212°F.

7.An increasein exitpressurefromatmosphericpressuxeto 100
poundspersquareinchresultedinan increaseinburnoutfluxof— —
approximately15percent.

LewisFlightPropulsimLaboratory
NationalAdvisoryCmmnitteefor

Cleveland,Ohio,August1,
Aeronautics
1958

—
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TABLEI. - EFFECTOFCOMPRESSIBLEVOLUMEONBURNOUT

[Tubediameter,0.096in.;length-diameter
ratio,100;exitpressure,atmospheric;
pressureupstresmofrestriction,300
lb/sqin.]

101
102
103
104
105

106
107
108
109
110

3X
s12
Ki3
114
Ii-5

116,
117I
118
119I
120

121
122
123
124

compres-
sible
volume,

cc

Water
inlet
temper-
ature~
%?

Mass flow,
G
g’

(hr)tqft)

o
66
72
84
104

0.75

122
144

.050

.068

.10

.3.5

.19

.40

.75

1.02
1.49
1.90
2.54
4.00

5.35
9.60
7.86
2.92

Burnout
heatflux,

!a&
~06’
Btu

(h)(Sqit)

1.32
.42
● 35
.32
.28

.31

.28

.32
● 11
.17

.17

.21

.22

.22

.32

.36

.45

.57

.73
1.20

1.73
4.12
2.95

.92

,

.
“4
-

v
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TABLE11.- EFFECTOFI!LOWREW!RICTIONONBURNOUT

[Tubediameter,0.076in.;exitpressure,atmospheric.1
Run

125
126
127
128
129

130
131
132
133
134

135
136
137
138
139
140
141
142
143

144
145
146
147

148
149
150
151
152
153
154

kngth-
Iiameter
‘atio

250

200

150

I

Water
inlet
temper-
ature,
‘F

74

I?ressure
upstresm
ofre-
striction,
lb/sqin.

400
360
340
320
300

275
250
242
235
225
200
150
100

60

275
250
245
240
220

175
U!5
100
60

250
225
215
2SL
200
ILO
55

Mass flow,
G
~

(hr);cift)

1.78

Burnout
heatflux>

a
106>
Btu

(hr)(Sqft)

1.32
1.32
1.32
1.32
1.32

1.32
1.25
1.24
1.22
1.19

1.03
.80
.546
.374

1.58
1.58
1.56
1.54
1.46

1.14
.825
.66
.538

1.96
1.98
1.93
1.91
1.79
.99
.56 .—

i
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TABLE11.- Continued.EFFECTOFFLOWRESTRICTIONONBURNOUT u

[lllibediameter,0.076in.;exitpressure,atmospheric.]

Run

155
156
157
158
159

160
161
162
163
164

165
166
167
168
169
170

171
172
173
174
175

176
177
178
179

180
181
182
18.3
184

185
186
187

Length-
W3meter
ratio

No

50

Nater
inlet
temper-
a~gre,

F

7

—

Fressure
upstream
of re-
striction,
lb/sqin.

255
250
240
225
220

210
200
190
180
170

163
160
140
120
100
55

215
150
125
110
102

100
75
60
40

66
45
33
17
12

9
5
2.5

Massflow,
G

~’

(I&lft)

. 27

Burnout
heatflUX,

!&
~06‘
Btu

(b}(Sqft}

2.52
2.43
2.48
2.52
2.45

2,53
2.47
2.53
2.50
2.49

2.28
2.30
2.07
1.69
1.49

.92

3.10
3.04
3.10
3.10
3.00

2.98
2.4
2.14
1.39

.468

.48

.433

.406

.467

.432
● 390
.358
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TABLEII.- Concluded.EFFECTOFFLOWRESTRICTIONONBURNOUT

[Tubedismeter,0.076in.;exitpressure,atmospheric.]

Ruu

188
189
190
Ml
192
193

194
195
196
197

198
199
200
201

202
203
204
205

206
207
208
209

210
2SL
212
213

214
215
216
217

Length-
iis.meter
ratio

c. I

Water
inlet
temper-
ature,
9

7

Pressure
upstreem
ofre-
striction,
lb/sqill.

100
70
60
55
45
20

200
150
135
128

X25
11.o
75
50

225
175
140
137

125
llo
75
50

200
165
140
135

130
llo
75
50

I@ssflow,
G
~

(ti);qft)

0.509

1

3.5

5.85

T

8.75

i

Burnout
heatflux,

!@
~06’
Btu

(hr)(Sqft)

1.5
1.5
1.5
1.44
1.35
.981

4.12
4.12
4.12
4.12

4.12
3.88
3.4
2.84

5.3
5.3
5.3
5.2

5.17
5.1
4.56
3.65

5.79
5.79
5.79
5.83

5.69
5.6
5.3
4.8
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G

%
221
222
223
224

225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254

Cube
?ieJn-
>ter,
in.

TABLE111.- EFFECTOFTUBEGEOME!I!RYONBURNOUT

Dhsitpressure,atmospheric.]

klgth-
Mametez
ratio

).051

100

)

$ater
Lnlet
tempe~
~ture,
%

74

1“
78

74

72

?resmre
gdxream
)fre-
striction,
Lb/sqin.

250

d‘
750

I
250

!
400

I
250

I
400

I

Massflow,
G

~’

(hr):qft)

0.11
.22
.50
.70
,99

1.51
1.88
2.32
2.81
4.39
5.45
7*95

12.2
19.4
25.2

.I1

.20

.41

.51

.70
1.03

1.51
1.84
2.39
2.84
3.77

●IL
.20
.42
.51

.71

.99
1.47
1.91
2.38

NACATN 4382 .

hxrnout

‘eazu’
~06’
Btu

:h)(sqft)
0.55
.99
1.60
1.86
2.46
3.19
3*95
4.35
4.65
6.19
6.85
7.94
8.60
11.1
13.2
.31
.54
.92
1.09
1.39
2.07
2.68
3.22
3.66
3.86
4.45
.22
.36
.66
.79
1.01
1.42
1.91
2.50
2.81

kit
LW31itJ

0.88
.77
.52
.41
.36
.29
.29
.24
.20
●M
.12
.07
.07
----
----

.97

.95

.78

.75

.68

.68

.59

.57●

.48

.41

.34
l*o+-
.96
.83
.81

.73

.74
●66
.66
.59

.

“Ew

*

“
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TABLEIn. - Continued.EFFECTOFTUB?GECMETRYONBURNOUT

23

.

RunTube Lengtlh-Water PressureMassflow,Burnout M-t
dim-diameterinlet upstream G
eter,ratio temper-ofre- ~ ‘“ww’ ‘mHt’
ill. ature,Striction,

oF
~06’

lb/sqin. (hrltqft) Btu
(h)(Sqft]

2550.051 200 7

r I

250

I I I
0.110.16 1*CW

256 .19 .26 .98
257 .38 .46 .86
258 72 400 .50 .56 .78
259 .70 .80 .79
260 1.03 1.12 .75
261 ~*A-9 1.54 .70
262 1.78 1.90 .74
263 2.38 2.23 .63
264 250 74 250 .ll .14 1.0+
265

I
.19 .22 1.0+

266 .41 .40 .87
267 300 .50 .48 .84
268

I

.70 .66 .83
269 .99 .88 .78
270 1.38 1.11 .68
271 1.84 1.29 .57
272 78 700 4.6 2.86 .50
273 700 5.67 3.36 .47
274 m 6.80 3.80 .44
275 850 8.07 4.09 .37
276 870 9.7 4.45 .33
277 920 U.3 4.91 .30
278 930 12.9 5.37 .28
279 950 15.0 5*75 .25
260 I 16.1 6.16 .25
281 18.7 6.66 .22
282 22.4 7.40 .20
283 .076 50 74 350 .25 1.00 .69
284 .W 1.09 .61
285 .38 1.32 .57
286 .51 1.52 .48
287 .n 1.82 .38
287 .99 2.65 .41
288 1.48 3.20 .31
289 1.95 3.63 .24
290 2.52 3.76 .17
291 3.04 4.16 .14
292 r ( 78 1, 8.75 5.90 ----
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.

Rui

293
294
295
296
297

298
299
300
301
302
303
304
305
306
307
308
309
310

311
312
313
314
315
316

317
318
319
320
321

322
323
324
325
326

TABLEIII.- Continued.EFFECTOFTUBEGEOMETRYONBURNOUT

Ikibe
W9JJ1.
eter,
h.

3.

—

kngth-
tlmmetex
:atio

1(

i

1

[ExitPressure,atmospheric.]

Water
inlet
temper.
atmxe,
%

76

Pressure
upstream
ofre-
striction
lb~sqtn.

3 )

400

i‘

350

,.

Massflow,

5
(hr):qft)

0.13
.19
.31
.38
.52

.71
1.00
1.51
1.97
2.50

3.04
3.46
4.91

.11

.16

.31

.39

.51

. -n

.98
1.51
1.94
2.51
3.08

.10

.16

.30
●38
.51

.71
1.03
1.60
1.95
2.44

0.29
.46
.65
.78

1.02

1.34
1.91
2.46
2.80
3.23

3.53
3.74
4.30

.17

.27

.46

.55

.74

.95
1.30
1.75
2.16
2.60
2.94

.12

.20

.33

.42

.54

.73
1.05
1.47
1.78
2.01

kit
~ualit:

0.73
.87
.72
.71
.66

.64

.64
●53
.45
,39
.34
.31
.22
.87
.94
.79
.75
.76

.52

.67

.58

.55

.50

.45

.82

.88

.76

.76

.73

.70

.70
,60
.61
.54

u

.

-..

4
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TABLEIII.- Continued.EFFECTOFTUBEGEOMETRYONBURNCUT

@it pressure,atmospheric.]

RunTubeLength-Water PressureMassflow,Burnout Elcitl
aialn-dismeterinlet upstream G
eter,ratlo temper-ofre- ~ ‘“au’ ‘wE@
in. ature,striction,

‘%?
~06

lb/sq‘n” (hr):qft) Btu
(m)(Sqft)

3270.076 250 73 0.051 0.061 1.0+
328 .098 .092 .82
329 .16 .15 .82
330 ●3Q .25 .71
331 .38 .34 .78
332 .52 .46 ●77
333 .70 .59 .72
334 1.00 .Ell .69
335 1.52 1.16 .64
336 1.77 1.29 .61
337 Yr !f , 1.88 1.34 .59 ‘
338 .096 50 76 .25 .92 .63
339 .30 1.07 .59
340 .40 1.20 .49
341 .53 1.35 .40
342 .70 1.77 .38
343 .99 2.16 .33
344 1.49 3.00 .28
345 1.90 3.35 .23
346 2.48 3.61 .16
347 3.05 4.04 ●14
348 3.57 4.32 .ll
349 4.03 4.73 .10
350 4.94 5.16 .08
351 5.95 5.24 .04
352 5.95 5.44 .05
353 7.93 6.00 .02
354 !f 9.95 7.82 .02
355 100 .14 .31 .78
356 .24 .50 .71
357 .30 .61 .70
358 .40 .78 .67
359 .50 ●94 .64
360 .69 1.27 .62
361 .99 1.76 .60
362 1.48 2.23 .49
363 1.91 2.66 .44
364 2.53 3.02 .36
365 3.05 3.%8 .32
366 3.49 3.67 .30
367 Y )“ f ,r 3.!30 3.96 .28
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TABLLEIII.- Continued.EFFECTOFTUBEGEKMETRYONEuRNCUl!
[Exit pressure,atmospheric.1

RunT3ibe
diam-
eter,
in.

3680.086
369
370
371
372
373 “
374”
375
376
377
378
379
380
381
382

383
384

k@h-
M.amete
ratio

385
386
387
388
389
390
391
392

393
394
595
396
397 7f 1

398 .123 25
399
400
401
402 I I

Water
inlet
temper-
ature,
%?

II74

Pressure
Lpstream
S re-
striction
Lb/sqin.

3 )

Massflow,

&
(hr):qft

0.10
.19
●3O
.41
.54
.69
.99
1.50
1.91
2.77

.070

.12
,20
.29
.40

.51

.70
loco
1.51
2.07

.074

.12

.19

.30

.40
●51
●70
1.01
1.53
1.83
.044
.074
●107
.15
.20

Burnout
heatflux,
@
~06’
Btu

(hr)(Sqf%
0.17
.28
.42
.57
.70
.91
1.21
1.71
2.08
2.48
.078
.13
.23
.32
.43
.51
.72
.93
1.32
1.70
.073
.11
.18
.28
.34
.41
.57
.77
1.09
1.24
.47
.72
.87
1.18
1.27

Exit
quali~

0.92
.78
.74
.72
.67
.67
.62
.57
,53
.42
.79
.79
.82
.78
.77
.70
●71
.64
.59
,55
.88
.81
.81
.82
.73
.70
.71
.64
.60
.56
.94
.83
.68
.63
.49
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TABLEIII.- @ntinued. IZFFIKWOFTUBEGEOMEIRYONBURNOIJT

[Exitpressure,atmospheric.]

dmm- Wa&ter
eter,ratio
in.

4030.123 25
404
405
406
407
408
409
410
411.
412 f
413 50
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
~~
$31 100
$32
133
&34
!35
&36
%37
KM T ,r

‘inlet
temper-
ature,
%

74

78
78
74

f

78
78
74

I

heatflux,
Sk
106’
Btu

(hr)(Sqft)

RunITubeILength-IWater RressureMassflow,Burnout I&it
upstreem -w
ofre- 5’strictionj
l~ls~in” (h]& *t).

300 0.21
.28
.41
.50
.69
1.02
3.03

f 3.55
11oo 1.87
11oo 1.04
300 .020

.044

.075

.107

.16

.20

.28

.34

.50

.69
1.01
1.33
1.94
2.58
3.06,r 3.60

UOQ 4.29
11oo 1.84
300 .075

1

.ll

.16

.20

.28

.42

.50

.69

1.26
1.51
1.80
1.91
2.08

2.37
3.65
4.07
3.27
2.62

.15

.26

.40

.48

.70

.82

.96
1.13
1.38
1.43
1.99
2.26
2.64
2.95
3.26
3.54
3.78
2.68
*20
.28
.39
.45
.58
.87
.99
1.22

0.46
.40
.30
.24
.16
.08
0
0
.04
●JL

1.0+
1.0+
.94
.76
.76
.67
.54
.53
.42
.27
.25
●20
,13
.09
.07
.Q5
.04
.16
.94
.85
.85
.75
.70
●70
.66
.56
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TKBIX111.- Continued.EFFECTOFTUBEGEOMETKYONBURNOUT

TRurLTubedis3u-
eter,
in.

4390.1
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462 ‘

463 .1
464
465
466
467
468
469
470
471
472
473
474

kngth-
tk.metel
?atio

100

1
1s0

t
.2)

25

1
50

I

[Exit pressure ,atmospheric.1
Hater
inlet
temper-
~ture,OF

76

I

?ressure
Ipstream
)fre-
striction,
~b[~qin.

300

I

250

I
3,

Massflow,

5’
(hk ft:

1.06
1.33
1,94
2.57
3.03
3.74
,051
.10
.2.0
.27
.39

.52

.67
1.08
1*33
1.65”
.11
.16”
.20
.28
.40

.51

.70
1.10
.062
.10
.15
.20
,31
:42
.50
.056
.10
.15
.20
.29

Burnout
heatflux,
@
106’
Btu

(m)(Sqft)

1.67
1.95
2.34
2.76
2.99
3.30

.ll

.17

.30

.40

.55

.74

.90
1.33
1.55
1.75
.14
,20
.25
.32
.44
.56
,68
1.02

.52

.72
,87
1.04
1.20
1.37
1.49
.22
.37
.51
●64
.82

0.49
.45
.34
.29
.25
.21
1.0+
.87
●75
●73
.70

.72

.66

.60

.56

.50

.89

.88

.87

.78
●75
.74
.64
.60
.72
.59
.45
.38
.26
.19
.16
,64
.61
.54
.52
.43

.

.

●
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475
476
477
478
479
480
481
482
483
484

485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
5KL

TABLEIII.- Continued.EFFECTOF TUREGEOMETRYONBURNCUT

[Exitpressure,atmospheric.]

!uhe
iam-
ter,
in.

.1

length-
lameter
‘atio

)

ater
tilet
emper-
tmre,
%

tressure
Wstream
)fre-
striction,
.b[sqin.

z. )

250

I
11oo

300

r

250

1

$9ssflow,
G
~
lb

[m)(Sqft)

0.71 .
● 99

1.54
2.03
2.53

3.01
.060
.10
.16
.20

.28

.51

.60

.55

.51

.48

.20

.70
1.02
1.64

2.00
3.14
3.58
2.76

.057

.105

.15

.20

.31

.40

.50
,72

1.01
1.21

.057

.10

.15

hlrnout

‘eazu’
~06>
Btu

h) (Sqft)
1.51
L 74
2.22
2.34
2.6%

2.86
.25
.38
.52
.62

.77
1.16
1.35
1.21
1.11

1.07
.63

1.56
1.71
2.14

2.23
2.72
3.02
2.67

.14

.24

.31

.42

.57

.71

.86
1.13
1.45
1.66

.095
,16
.22

Kit
Uau.ty

0-030
.22
.15
.09
.07

.05

.68

.63

.53

.49

.43

.32

.32

.30

.31

.32

.50

.31

.20

.12

.08

.03

.03

.06

.84

.79

.70

.73

.62

.58

.55

.50

.45

.42

.88

.81

.75
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Run

512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
536
539

54C
541
542
543
544
545
546
547
54E

TABLEIII.- Continued.EFFECTOFTUBEGECMETRYONBURNOUT
[Exitpressure,atmospheric.]

—.
!ube
iem-
:ter,
in.

1’9. 6

——

kmgth-
Iismeter
?atio

150

I

200

Y
250

\‘

25

r
50

/

rater
.nlet
jeqper-
lture,
%?

)

8

ressure
pstresm
f re.
triction,
b~sqin.

250

Lassflow,

&
lb

:lm)(Eqft)

0.19
.X3
.40
.51
,.73
.058
●10
.16
.18
.30
.40
.52
.53
●15
.059
.058
.10
●15
.20
.31
.31
.31
.31
.020
.030
.040
.070
.15

.ZL

.30

.40

.50

.10

.050

.030

.050

.070

lurnout

‘=ZW’
106
Btu

h)(Sqft)

0.27
.38
.48
.60
.83
.062
.ll
.17
.20
.29
.36
.46
.47
.16
.053
.062
.10
.14.
.18
.26
.26
.25
.28
.l&
.23
●31
.47
.80
.99
1.08
1.31
1.46
.66
.34
,13
.26
,.30

kit
.pality

0.71
.63
.60
.58
.56
●74
.76
.72
.75
.64
.60
.58
.59
●75
.78
.95
.89
.80
.81
.72
.74
.70
.79

.59

.65
,65
.54
.40

.35
●22
.19
.16
.51
.56
.72
.78
.74
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TABLEm. - Concluded.EZZFECTOFTUBEGECMETRYONBURNOUT

.

xii

GF9
55C
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
274
575
576
577
578
579
580
581
582
583
584
585
586
587

Tube
diam-
eter,
in.

ii ii

—

Length-
Hametez
ratio

50

f
100

f
150

\‘
200

[Exitpressure,atmospheric.]
iiater
L.nl.et
temper-
ature,
w

75

72
75

72
72
-i

%essure
rpstream
& re-
striction,
.b/sqin.

2:

?

)

Mass flow,

+’
(br]tqft)

0.101
●15
.20
.30
.40
.50
.70
.70
.70

.051

.10

.15

.21

.30

.40

.49

.52

.69
1.02
1.76

●051
.10
.15
.20
.30
.41
.49
.70
.69
1.04
.051
.15
.20
.30
.40 ,
.50
.70““
.81
.10

3urnout

‘-$”’

Btu
[hr)(sqf%:

0.38
.48
.60
.78
.95

1.10
1.45
1.32
1.32

.14

.24

.33

.42

.53

.68

.82

.84
1.04
1.43
2.04

.097

.17

.22

.28

.37

.49

.58

.79
● 77

1.12

.096

.20

.22

.30

.38

.47

.59

.63

.10

tit
plality

0.63
.49
.46
.39
.34
●31
.28
.25
.25
.99
.83
.74
.69
.58
.55
.54
.53
.48
.43
.33

1.0+
.89
.77
.71
.63
~60
.59
.55
.55
.53

1.0+
.93
●75
,68
.63
.64
.55
.49
.89
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mu

58E
58$
59C
591
592
59:
594
595
59E
597
59E
595

60C
601
60Z
602
604
605

606
607
6~
609
61C
611
612
613
614
615
616
617

618
619
620
621
622
623
624
625
626
627
628
629
630
631

TABLEIV.- EFFECTOF- TEWMWWE ON BURNOUT

[Exitpressure,atmospheric;pressureupstreamof
restriction,”300lb/sqin_.]

Pube
HsmeterJ

in.

o

—

16

.

Length-
iiametel
ratio

1

200

T

)

)

{ater
inlet
temper
*ture,
%?

72
90
104
112
125
138
146
166
175
186
198
210
U.4
169
208
72
I.lz
160

200
72
72
118
174
212

72
120
182
200
212
170

120
72
70
126
170
205
70

120
170
212
70

127
162
212

WaSsflow,

%

*

0.44
.45
.45
.43
.43
.43
.44
.44
.44
.44
.44
.44
.43
.43
‘.43
.98
.98
.98

.98

.42
1.92
1.92
1.92
1.92
1.92
1.92
1.92
1.92
.99
.99

.99

.99

.43
‘ .43
.43
.43

1.01
1.01
1.00
1.01
1.75
1.69
1.6EI
1.67

Burnout
heatflux,

Q&,
106
Btu

~
0.48
●47
.48
.44
.46
.46
.45
.44
.44
.43
.42
.42

1.23
1.34
1.21
2.46
2.46
2.46

2.44
1.32
3.4.4
3.44
3.44
3.44

2.73
2.66
2.56
2.56
1.67
1.67

1.75
1.80
.88
.86
.84
.83

.98

.92

.87

.81
1.56

1.47
1.35
1.29

kit
lua~ty

0.75
.77
.78
.70
.78
.79
.78
.78
.79
.79
.78
.78
.52
.59
.57
.37
.41
.46
.50
.22
.27
.33
.37
.44
.47
.52
.54
.69
.64
.63

.63
,60
.69
.73
.76
.77

.65
●66
.67
.66
.59

.63

.61

.64

.
—

..



NACATN 4382 33
.

.

.

.

TABLEIv.- Concluded.lH?lZECTOFINLETTEMPERATUREONBURNOUT

[Exitpressure,atmospheric;pressureupstreamof
- restriction,-300lb/sqin;]

632
633
634
635
636
637

638
639
640
641
642
643

644
645
646
647
648

649
650
651
6!52
653

654
655
656
657
658

659
660
661
662
663
664

Fube
WJReter,

iii.

o. jl

Length-
iiameter
ratio

)

$ater
inlet
teQer-
Sture,
oF

70
123
174
205
X25
170

200
80
72

132
172
204

72
140
176
2X2
212

180
130

80
72

1.1o

188
149
114

80
70

120
160
185

80

200

Massflow,

3’

(hr):clft)

1.02
1.02
1.02
1.02

.70
● 70

..71
.71

2.37
2.41
2.45
2.45

1.57
1.57
1.57
1.!55
1.03

1.02
1.00
1.00

.12
● 12

.49

.49

.49

.49

.99

.99

.99

.99
2.02
2.09
2.09

BUrnoLlt

‘ea$m’

Btu
[h)(sqft)

1.85
1.81
1.80
1.78
1.24
1.23

1.33
1.41
2.82
2.70
2.52
2.42

1.49
1.36
1.37
1.22
.79

.78

.88
1.05
.18
.15

1.61
1.61
1.76
1.64
2.35

2.99
2.99
3.19
3.20
3.36
3.22

Ekit

~uality

0.61
.65
.69
.72
.64
●68

.76

.69

.48

.45

.42

.40

.64

.64

.69

.65

.63

.72

.64

.73
1.0+
.89

.66

.61

.62

.56

.34

.52

.57

.64
●19
.23
●31
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665
666
667
668

669
670
671
672

673
674
675
676

677
678
679
680

681
682
683
684

685
686
687
688

mBLE v.-EET’ECTOFEXITFRE3SURECINBURMOUT

[Tubediameter,0.096in.;waterinlet
temperature,-720 F;pre~sureupstream
ofrestriction,300lb/sqin.]

A.lgth-
W3meter
mtio

100

200

hcl.t

yessure9
Lb/sqin.

o

I
50

I

100

I

o

I
50

1

100

I

ass flow,
G

~

lb
[h)(Sqft;

0.20
.51

1.00
1.48

.48
1.00
1.48

● 20

.20

.48
1.01
1.48

.20

.53
1.00
1.48

.48

.99
1.47

.20

● 19
.48

1.00
1.48

Burnout
seatflux,

Q
~06’
Btu

(h)(s~ft]

0.43
.94

1.62
2.17

.95
1.65
2.18

.46

.49
1.09
1.74
2.22

.24

.54
095

1.26

.54

.90
1.26

.26

.25

.58

.98
1.32

—
kit

plity

0.76
.62
.53
.46

.63

.47

.40

.87

.84

.74

.48

.38

.83

.69

.64

.55

●74
.56
.51
.91

.90

.81

.60

.51
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me 3. - Effectof appcmatusammgment on burncmt.
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Mtws flow>0, lb\(hr)(oqft)

(a) Cmpariaon .r data fw variom .ge.matrim. Inlettemperature,72° to 78° F; exit pressure,atmoapherio.

Fiwe 9s - Effeatof tubegecaetq on burnctit.
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Figure 9. - Continued. 2ffact of tuba ge.metrs m burncur.
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(c) Cerrelat!mof claimfrm reference 4 andp-esentrepoz-t. *W M,et temperature, 7(P Fjexit ~asme,
atm@!3rlc .

Hgure 9. - RamlUdd. Ewl%ct of tub gelxct?~on burnout.
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